ABSTRACT
INTRODUCTION
There has been interest in the invention of nucleic acid catalysts that show high activity and substrate specificity because nucleic acids are easily applicable to in vitro selection techniques compared with proteins. However, the activities of reported nucleic acid catalysts are generally far inferior to those of protein enzymes. Presumably one of proper reasons is the lack of functional groups found in protein enzymes. Recently Helene and coworkers demonstrated expansion of the catalytic potential of DNA by devising a modified DNAzyme with two protein-like functionalities (1) . Therefore evaluation of the substrate properties of various modified nucleoside triphosphates for various kinds of DNA polymerases would help further development of nucleic acid catalysts (2) . We have reported previously that a triphosphate of 5-[6-aminohexylcarbamoylmethyl]-2'-deoxyuridine (1) and its analogs tethering a functional group to the amino terminus are substrates for KOD Dash (3, 4) . In this report, we show triphosphates 2-6 and 8 are substrates for KOD Dash DNA polymerase during PCR. Moreover, substrate specificities of the following thermostable DNA polymerases, Pfu, Thermo Sequenase, Vent(exo-) and KOD Dash were assessed by use of triphosphates 1, 10 and 11.
RESULTS AND DISCUSSION
Af-a-Benzyloxycarbonyl-amino acids carrying the side chains properly protected with hydrogenation-sensitive groups (e.g. benzyloxycarbonyl or benzyl) were used for preparation of the C5 modified dUTPs bearing amino acids. Reaction of the protected amino acids with Nhydroxysuccinimide in presence of N,W-dicyclohexylcarbodiimide gave the corresponding N-succinimide esters. Coupling of triphosphate 1 with the esters followed by hydrogenation to yield analogs 2-7. The triphosphates 8 and 9 are intermediates of analogs 6 and 7, respectively. The incorporation of these modified dUTP 2-9 in place of the natural nucleotide TTP during PCR mediated by KOD Dash DNA polymerase were evaluated by use of pUC18 template DNA with the appropriate primers to yield 108 nt products. The amplified 108 nt products were observed in PCRs using modified UTPs 3-6 and 8 bearing histidyl, lysyl, glutaminyl, seryl or O-Bzl-seryl group. In contrast, the analogs 2 and 7 bearing a negative charge on the side chain such as aspatyl or glutamyl group are likely to be not good substrate for KOD Dash. The PCR using the analog 2 gave the corresponding 108 nt product in a low yield by optimization of reaction conditions, but the PCR
6" a a using the analog 7 did not. The PCR using the analog 9 bearing glutamyl group, in which the y-carboxylate protected with benzyl (Bzl) group and the primary amine with benzyloxycarbonyl (Cbz) group respectively, did not result in the formation of any product This may be due to the negative charge produced by hydrolysis of the benzyl ester under the PCR condition or stereochemistry of the pendant group at the C5 position. The substrate specificities of Pfu, Thermo Sequenase, Vent(exo-) and KOD Dash showed that Thermo Sequenase does not accept the analogs 1 and 10 in place of TTP as substrates, however, Pfu, Vent(exo-) and KOD Dash accept the analogs 1,10 and 11.
CONCLUSION
The modified dUTPs with various amino acids were incorporated into DNAs during PCRs mediated by KOD Dash. Moreover, Pfu and Vent(exo-) were newly found to be available for PCR-mediated synthesis of the modified DNA by use of the dUTP analogs 1 and 10 with the C5 metylcarboxamide linker arm that we originally devised (5) . Further studies on substrate specificities of thermostable DNA polymerases are currently in progress.
